INTRODUCTION
It is well known that water is one of the essential elements of life being an important resource both for industrial applications and domestic usage. Lately, many environmental laws and directives have been enforced in order to decrease the industrial and urban pollution. This situation has lead to an increase in the use of wastewater biological treatment processes using anaerobic digestion. This fermentation bioprocess is very important since it produces valuable energy (methane) besides removing the organic pollution from the liquid influent. It is useful for concentrated wastes such as agricultural and food industry wastewater (F. Angulo et al. 2007 ). Nevertheless, its main drawback is the production of carbon dioxide (CO 2 ) and its easy destabilization, giving rise to the disappearance of the methanogenic bacteria (G. Bastin and D. Dochain 1990; O. Bernard 2004) . Therefore in the last decade the researchers have been looking for solutions to improve the efficiency in the pollution reduction and for CO 2 mitigation G.A. Ifrim 2012; G.A. Ifrim et al. 2013 , S. Tebbani et al. 2014 . A recently used solution consist in the growth of some microalgae populations that by using light as source of energy are able to assimilate inorganic forms of carbon (CO 2 , 3 
HCO
 ) and to convert them into requisite organic substances for cellular functions, generating at the same time oxygen O 2 (G.A. Ifrim 2012; G.A. Ifrim et al. 2013 , S. Tebbani et al. 2014 S. Tebbani et al. 2013; S. Tebbani et al. 2015) .
The control of such processes remains a key issue for the improvment of stability and process efficiency. A difficulty for the design of high-performance control techniques of such living processes lies in the fact that, in many cases, the models contain kinetic parameters and/or yield coefficients that are highly uncertain and time varying (G. Bastin and D. Dochain 1990; O. Bernard 2004; D. Dochain and P. Vanrolleghem 2001; D.J. Batstone et. Al 2002; F. Mairet et al. 2011; F. Mairet et al. 2011a) . Another problem in the control of these processes is finding adequate sensors used for measuring all the important state variables (G. Bastin and D. Dochain 1990; . The problem becomes of great importance in complex systems like wastewater treatment plants, where critical instability of the process must be avoided, making the monitoring of the system variables an important issue (F. Angulo et al. 2007; G.A. Ifrim et al. 2013; D. Dochain 2008; E. Petre et al. 2013 ).
To surmount these difficulties, numerous control strategies were developed such as linearizing feedback (F. Angulo et al. 2007; G.A. Ifrim et al. 2013; I. NeriaGonzález et al. 2009 ), adaptive and robust-adaptive approach (G. Bastin and D. Dochain) , predictive an optimal control (F. Logist 2011; S. Tebbani et al. 2014) , sliding mode (D. Selişteanu et al. 2007) , and so on. This paper presents the design of predictive and feedback linearizing control methods for a complex photoautotrophic growth process that is carried out in a torus photobioreactor numerical simulation are performed in order to validate the proposed control algorithms.
MATHEMATICAL MODEL
The considered bioprocess is a photoautotrophic growth of the green alga C. reinhardtii in a photobioreactor under limiting conditions. Microalgae are able to absorb CO 2 as major substrate and to generate O 2 as residue from the water oxidation reaction induced by the light as source of energy (G.A. Ifrim et al. 2013; S. Tebbani et al. 2013) . A dynamical model employed for describing all phenomena that is carried out in the photobioreactor, assuming well mixed conditions, was developed in (G.A. Ifrim 2012) . In this paper a simplified model, described by the following differential equations, is used: 
where max  is the maximum specific growth rate, i K is the half-saturation constant, L is the photobioreactor total depth and   I z is the local value of the irradiance, expressed through a radiative model for a specific photobioreactor. In case of torus configuration the expression of   I z is given by (G.A. Ifrim et al. 2013 ):
where p Q is the photosynthetic quotient.
The CO 2 and O 2 mass transfer rates to the liquid phase are expressed as follows (S. Tebbani et al. 2013 ):
where   
Finally, the output flow rate of gas mixtures is given by:
So, the above model (1) is nonlinear and control-affine model with respect to the state variables (S. Tebbani et al. 2015) .
The control objective of this study is to maintain a biomass setpoint concentration in the photobioreactor and to minimize the quantity of CO 2 in the output flux, using as manipulated variables the dilution rate ( D ) and the feeding flowrate of CO 2 ( 2 CO in G ). In order to obtain a less complex model, the global volumetric growth rate is approximated by the following expression:
where 1 c and 2 c are constants, defined in accordance
Also, it is considered that the feeding flowrate of the oxygen is given by:
where 3 c is a subunitary constant. In conclusion, the model of microalgae growth can be cast in general form:
where (10), (4), (5), (6), (7) and (9).
PREDICTIVE CONTROL
The model predictive control uses a discrete model of the system in order to obtain a prediction of its future behaviour, by applying a set of input sequence to model, taking into account constraints on state, ouput and input variables (M. Morari and J.H. Lee 1999) . The liniarizing model is defined around certain equilibrium points, being obtained by Jacobian linearization and Taylor series expansion, respectively,
where: In order to obtain the predictions of the future behaviour of the system, a discrete Euler approximation of the above linear system, was used,
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where:
Additionally, an integral action has been embedded in the closed loop behavior of the system, such that:
identity matrix, p is the number of outputs and n is the number of states. According with the considered outputs, the control objective is to mantain the biomass concentration and the output molar fraction of the CO 2 at certain set points. The optimal commands, represented by the dilution rate D and the feeding CO 2 flowrate 2 CO in G are computed at every step by solving the quadratic minimization problem and applying the principle of receding horizon strategy:
where: 
LINEARIZING CONTROL
In this section, an exact feedback linearizing technique was used to express the forms of the commands for the considered closed loop system. In both control scenarios it is assumed that the model is completely known, and all the state variables are avaible for on-line measurements. Then, taking into account that hypothesis, the following commands vanishing the dynamics of the considered outputs: 
Moreover, the solution of tracking problem can be solved by using a corrective term:
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The feedback linearizing command law (17) y , respectively. The above control law will be used in order to compare the behaviour of the closed loop system with that obtained by using the optimal command developed in the precedent section. In accordance with the optimal command, it is considered that: 
RESULTS
Suppose a photobioreactor growth process of form (12) with the following parameters (G.A. Ifrim et al. 2013; S. Tebbani et al. 2013 
